INTRODUCTION
twice in deionized water, followed by mounting onto a glass slide using ProLong Diamond antifade The binding studies between mouse TRIM14 and TBK1 were performed using a Biacore X100 266 SPR instrument (GE Healthcare). Biotin-labeled SUMO-fusion TRIM14 was coupled on the 267 sensor chip SA (GE Healthcare). Dilution series of TBK1 or IRF-3 (1.25, 2.5, 5, 10, 20 μM) in 1× 268 HBS-EP+ buffer (GE Healthcare) were injected over the sensor chip at a flow rate of 30 μL/min. duplicated under the same conditions. The equilibrium Kd was determined by fitting the data to a 
289
The respective primary antibody was added to all samples except the beads-only sample at a 290 concentration of 5 ug and rotated at 4°C overnight. Beads were washed 3x in with a final wash in 291 high salt (500mM NaCl). DNA was eluted with elution buffer and rotated for 15 min at 30C.
292
Centrifuge for 1 min at 2,000 × g and transfer the supernatant into a fresh tube. 
347
and in RAW 264.7 murine macrophage-like cells ( Fig. 1D and S1C), to justify our use of these 348 genetically tractable cells moving forward. We observed almost identical expression of cytokines 349 (Ifnb, Il1b (Fig. 1D ), Irf7, Il6 ( Fig. S1C )), and antimicrobial molecules (Rsad2 (Fig. 1D 
Usp18 Zbp1 Zfp811 Based on its recruitment to the M. tuberculosis phagosome, we hypothesized that TRIM14 371 may interact with one or more components of the cytosolic DNA sensing pathway (e.g. cGAS, 372 TBK1) that we have previously observed to co-localize with M. tuberculosis ( Fig. 2A and (3) ). We 373 transfected epitope-tagged versions of mouse TRIM14 (3xFLAG-TRIM14) and major components 374 of the DNA sensing pathway (mouse HA-cGAS, HA-STING, and HA-TBK1) into murine embryonic 375 fibroblasts (MEFs). Following 24 hours of expression, cells were fixed, and co-immunostained.
376
Consistent with a previous report (24), we observed that TRIM14 co-localized with cGAS ( Fig. 
377
2B), while no co-localization between 3xFLAG-TRIM14 and HA-STING was seen. Intriguingly, we 378 also detected substantial overlap between 3xFLAG-TRIM14 and HA-TBK1, suggesting that 379 TRIM14 may interact with more than one component of the cytosolic DNA sensing pathway.
380
To further characterize this previously unappreciated association between TRIM14 and 381 TBK1, we co-expressed mouse 3xFLAG-TRIM14 with mouse HA-cGAS, HA-STING, HA-TBK1,
382
and HA-IRF3 in HEK 293T cells, immunopurified each of the DNA sensing pathway components, 383 and probed for interaction with TRIM14 by western blot. Consistent with our immunofluorescence 384 microscopy data, we found that TRIM14 co-immunoprecipitated with both cGAS and TBK1 but 385 not STING or IRF3 (Fig. 2C ).
386
Next, to determine whether these biochemical associations were direct interaction, we 387 performed surface plasmon resonance (SPR) experiments. Briefly, truncated versions of mouse 388 TRIM14 (residues 247-440), human cGAS (residues 157-522), and mouse and human TBK1
389
(residues 11-657) were expressed using a baculovirus system. A portion of mouse IRF3 (residues 390 184-419) served as the negative control ( Fig. 2D ). Each of these protein truncations had 391 previously been shown to be stably expressed at high levels and remain soluble when generated Likewise, high levels of these same ISGs were observed when cells were transfected with 1µg 438 poly (I:C), a potent agonist of RNA sensing via RIG-I ( Fig. 4C ) or treated with recombinant IFN-b 439 directly (Fig. 4D) . Importantly, non-ISGs like Il1b, Tnf, and Il6, despite being dramatically induced 440 during M. tuberculosis infection were completely unaffected by loss of TRIM14 (Fig. S3A ).
441
Collectively, these results demonstrate that TRIM14 is needed for induction of Ifnb/ISGs 442 immediately following cGAS sensing as well as for subsequent resolution of the response, arguing 443 for a model whereby TRIM14 regulates cytosolic DNA sensing at two distinct nodes in the TRIM14 (Fig. 5D )., We propose that TRIM14, through interactions with STAT3 and TBK1, 475 influences TBK1's ability to phosphorylate STAT3 at particular serine residues.
476
We reasoned that since loss of TRIM14 caused hyperinduction of ISGs via a TBK1/STAT3 477 dependent mechanism, then loss of either TBK1 or STAT3 would phenocopy loss of TRIM14.
478
Indeed, previous studies have shown that Stat3 KO MEFs and BMDMS hyperinduce ISGs 502 tuberculosis or transfected with ISD. Similar to all ISGs we examined in these studies, Socs1 and 503 Usp18 were hyperinduced in Trim14 KO macrophages. However, we observed a specific defect 504 in Socs3 induction, suggesting that one or more Socs3 transcription factors were impacted by 505 loss of TRIM14 ( Figure 6A and 6B ).
506
Previous reports have shown that Socs3 is a major target gene of STAT3 (49, 50). Having 507 measured increased phosphorylation at the "inhibitory" Ser754 residue of STAT3 in Trim14 KO 508 macrophages, we hypothesized that lack of Socs3 induction could be due to the inability of STAT3 509 to bind at the Socs3 promoter. To test this, we transfected control and Trim14 KO cells with ISD 
512
we detected significantly less recruitment of STAT3 to the Socs3 genomic locus at both 1h and 513 6h after ISD transfection (Fig. 6D ). We also detected lower STAT3 recruitment to other non-ISG 514 target genes, including Bcl3 (Fig. 6D) and Cxcl9 (Fig. S3C ), suggesting that loss of TRIM14 Trim14 KO macrophages (Fig. 7C ). We predict that the overabundance of one or more of these 536 factors contributes to enhanced control of M. tuberculosis replication in the absence of TRIM14.
537
Because another report demonstrated that loss of TRIM14 leads to hyperreplication of 538 VSV, an enveloped RNA virus, we also infected TRIM14 KO and control RAW 264.7 cells with To prevent chronic inflammation and damage to host cells and tissues, potent innate 549 immune responses like type I IFN induction require tight temporal control. Here, we demonstrate 550 a previously unappreciated role for TRIM14 in resolving Ifnb and ISG expression following a 551 variety of cytosolic innate immune stimuli. By providing evidence that TRIM14 can directly interact 552 with both cGAS and TBK1, our work uncovers a complex mechanism through which TRIM14 can 553 both up and downregulate type I IFN responses in macrophages. Notably, we report that loss of 554 TRIM14 has significant consequences on cell autonomous control of both bacterial and viral 555 replication, with dramatic restriction of M. tuberculosis replication and uncontrolled replication of 556 VSV observed in Trim14 KO macrophages (Fig. 7A-B and S4) . These results reveal a crucial role 557 for TRIM14 in regulating macrophage innate immunity and point to TRIMs as potential targets for 558 host-directed therapies designed to enhance a macrophage's antimicrobial repertoire.
559
Our data support a model whereby TRIM14 acts as a scaffold between TBK1 and STAT3, 
567
We propose that in the context of DNA sensing, TBK1-dependent phosphorylation of STAT3 acts 
576
The apparent reliance of Socs3 on STAT3 for its activation in our RAW 264.7 cells is also 577 notable. In addition to being expressed by STAT3, depending on the cell type and context, Socs3 578 can be transcribed by STAT1 and its promoter also contains AP-1, Sp3, and NFkB binding 579 elements (58-60). The fact that these remaining transcription factors do not compensate for loss 580 of STAT3 nuclear translocation in Trim14 KO macrophages (Fig. 5C ) hints at the potential for 581 crosstalk between STAT3 and other transcription factors, consistent with previous reports (61-63) 582 and the extent to which the entire STAT3-transcriptional regulon is impacted by loss of TRIM14 583 remains unclear. Furthermore, following STAT3 expression of SOCS3, SOCS3 can actually determine precisely how this loop is broken in Trim14 KO macrophages. As STAT3 and SOCS3 586 are hugely important not only for controlling inflammatory responses during infection but also for 587 regulating embryogenesis, cancer metastasis, and apoptosis, there is a critical need to 588 understanding how TRIM14 can regulate their activation (66, 67).
589
Another recent study also shows a requirement for TRIM14 in VSV replication but reported 590 that Trim14 KO macrophages had lower ISG expression compared to wild-type (27). The authors 591 ascribed these phenotypes to TRIM14's role in promoting cGAS stabilization and provide 592 evidence that loss of TRIM14 allows for cGAS degradation via the E3 ligase USP14 that targets 593 cGAS to p62-dependent selective autophagy. We also observed lower Ifnb in response to M. 594 tuberculosis and ISD transfection for our earliest measurements (4 hours for M. tuberculosis 595 infection; 2, 4, and 6 hours for ISD transfection) ( Fig. 3B, F, and G 
